l Introduction
The hemochorial guinea pig placenta serves äs a model for numerous investigations on transplacental transport. KASTENDIECK and MOLL [7] demonstrate, using an in situ perfusion technique on the fetal side, that the transport of lactate and bicarbonate across the placenta is proportional to the concentration differences. In a recent paper [13] the same investigators suggestastereospecific, carrier mediated process (facilitated diffusion) for the transfer of lactate. For the human term placenta [11] and for the guinea pig placenta [10] our group could show the carrier System for lactate to be located in both membranes of the trophoblast (maternal and fetal side). LONGO et al. [12] evaluate the carbon dioxide transport through the epitheliochorial placenta of sheep: carbon dioxide mainly diffuses äs gas and only to a small amount äs bicarbonate. In these investigations the transport through the placenta is determined without measuring simultaneously the metabolism of the placenta itself. It is well known, that the human placenta produces lactate and carbon dioxide [3, 5] . For the guinea pig placenta, the quality and quantity of metabolites are unknown. The present study was designed to measure simultaneously the production of hydrogen ions, ammonia, carbon dioxide, lactate and the consumption of oxygen and glucose in the isolated and artificially perfused guinea pig placenta. vessels are cannulated and perfused in the same manner. Remaining maternal vessels are ligated and cut. The uterine muscles around the outer edge of the ring are cut away, too. The completely isolated placenta is placed in a 37 °C warm organ bath. Both -the maternal and fetal side -are perfused with TC 199 tissue culture medium (Difco), to which l g/l bovine albumine has been added. This balanced salt solution contains all the essential amino acids. The fluid is saturated at 37 °C with 95% 0 2 and 5% C0 2 . A pH of 7.4 is maintained by adding 10-20 mmol/1 bicarbonate. Perfusion flow rates can be changed stepwise from 1.6 to 6.2 ml/min by means of gjass syringe pumps. Perfusion pressures ränge from 10-12 mm Hg on fetal and from 10-15 mm Hg on maternal side. Further details have been described earlier [11, 15, 18] . The pH, p0 2 and pC0 2 are determined with an automatic blood gas analyzer (CORNING 175). The concentration of hydrogen ions is calculated from the pH and a curve of titration, established with an aliquot of the perfusion fluid, which is equilibrated with carbogen and contains no ammonia. The excretion rate of hydrogen ions is defined äs the equivalent of acid (HC1), necessary to decrease the pH of this solution to the pH values of the venous samples. The excretion rates thus do not include the hydrogen ions buffered by ammonia and other metabolites. The rate E (C0 2 ) of excretion of C0 2 is calculated by the equation:
The rate U (0 2 ) of utilization of oxygen is determined by the equation: tal variability. In Tab. I the means and Standard deviations of all measurements within 90 min from 22 placentas are summarized. In the following experiments the flow rates are changed stepwise (Tab. II). When the total flow is increased from 4.8 to 6.4 to 9.4 ml/min the production of hydrogen ions (p < .01) and of lactate (p < .05) increases significantly, while the excretion of C0 2 rises only slightly. In 5 placentas we determined simultaneously the consumption of glucose and oxygen together with the production of hydrogen ions, ammonia, carbon dioxide and lactate (Tab. III). In the following experiments the concentration of glucose in the perfusion fluid is changed in different sequences from 5.5 to 16.7 mmol/1, whereas the flow rate is kept constant at 3.2 ml/min on bothsides(Tab.IV).
At the beginning and at the end of each experiment the physiological concentration of 5.5 mmol/1 is used. The production of lactate shows no significant dependence on the glucose concentration. In another set of experiments the arterial oxygen partial pressure is varied between 50, 145-150 and 400-500 mmHg (Tab. V). Flow rates are constant on both sides at 3.2 ml/min. 
Discussion
HOLZMAN et al. [5] show the ability of the human term placenta to produce in vitro lactate and ammonia. They do not find a correlation between the utilization of glucose and the production of lactate and ammonia. Similar results are reported by DÜKHUIZEN et al. [3] , who conclude, that lactate must be the endproduct of glycolysis in the placenta. Comparing our data with the results from HOLZMAN et al. [5] we find 5-7 times higher values in the artificially perfused guinea pig placenta (Tab. I). This may be due to species differences and probably to the fact, that the metabolic efficiency of a perfused organ is greater than that of a tissue culture. The metabolism of the isolated placenta remains stable for a period of at least 90-120 minutes (Fig. 1) . Increased perfusion flow rates cause a significant increase of the excretion of hydrogen ions (p < .01) and lactate (p < .05), while the excretion of carbon dioxide only rises slightly. This may be caused by perfusing additional areas at higher flow rates. Secondly the convection of substrata in the tissue should be increased at higher flow rates. The production of lactate, however, is not influenced by the glucose concentration in the perfusion fluid. The rate of the glucose utilization in the guinea pig placenta exceeds that of human placental tissue in vitro [5] and that of the perfused human placenta [6, 9, 17] . Our data agree with the results reported recently by SCHNEIDER et al. [14] . The relative high rate of lactate production is possibly not only attributable to the utilization of glucose, but also to the metabolism of amino acids. To answer this qüestion the important parameters of energy metabolism (consumption of glucose and oxygen and production of lactate and carbon dioxide) should be balanced. The steady state data of 5 placentas are given in Tab. III. If .53 X 10~6 mol lactate and .53 X 10" 6 mol C0 2 are excreted and attributed completely to the metabolism of glucose, .35 X l O" 6 mol glucose should be utilized. These data (Tab. III) indicate, that the production of lactate can be explained solely by the catabolism of glucose without catabolism of amino acids. The high rate of production of lactate and the consumption of glucose are characteristic for the placenta in different species [l, 2, 16, 17] . In our experiments the equivalent of 24% of the utilized glucose are recovered äs C0 2 . This agrees with the results of the human term placenta [14] , where this percentage is about 20%. In the sheep placenta the corresponding value lies with 40% essentially higher [16] . Thus the guinea pig placenta seems to cover its energy requirement mainly by means of the anaerobic glycolysis. The excretion of lactate does not increase, when the oxygen tension is reduced below 50 mm Hg. The oxygen supplied to the placenta then is less than 1/3 of the amount consumed under control conditions. Probably the lactate production is maximal in the placental tissue under normal conditions. Pyruvate is reduced completely into lactate by a single passage through the placenta (Fig. 2) . As can be expected the inverse reaction of the LDH cannot be demonstrated. Both -maternal and fetal injections of lactate -remain unchanged after perfusion through the placenta. The ratio of dissociated lactic acid/undissociated lactate is about 3000/1 for a pH = 7.4 [7] . Our findings suggest that the produced lactate is buffered by the buffer Systems, contained in the perfusion fluid (bicarbonate, phosphate and albumine) and by ammonia, which is produced by the placental tissue. The amount of hydrogen ions, which is buffered by ammonia is 42% of the total excretion of H + -ions (hydrogen ions + ammonia, Tab. I). The production of ammonia has been published for the human and the sheep placenta [5, 4] . The authors suggest ammonia to be a common product of placental metabolism, because ureopoiesis is absent. This Suggestion is confirmed by our results, because the isolated and artificially perfused guinea pig placenta produces ammonia, too. The source of the excreted ammonia could be glutamine, which is the only amino acid reported to be utilized by the human term placenta in tissue culture [5] ,
Summary
In the isolated, perfused guinea pig placenta glucose seems to be a major nutrient of energy metabolism, because the excreted amounts of carbon dioxide and lactate can be explained solely by the catabolism of glucose. In steady state experiments hydrogen ions, ammonia, lactate and carbon dioxide are excreted for at least 90 minutes in rather constant amounts. The production of lactate shows no significant dependence on the glucose concentration in the perfusion fluid. The guinea pig placenta seems to cover its energy requirement mainly by means of anaerobic glycolysis.
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Of the utilized glucose 76%'äre metabolized anaerobically. The placenta produces significant quantities of lactate, although it is well oxygenated. A reduction of the oxygen tension in the perfusion fluid does not result in an increase of the production of lactate. Of the hydrogen ions excreted nearly 50% are excreted äs ammonia. Although the excreted amounts are small compared with the known transfer rates, they have to be taken into consideration, when studying transplacental transfers of these metabolites. La production de lactate ne montre aucune dependance sensible de la concentration du glucose dans la solution de perfusion. Le placenta de cobaye semble satisfaire ser besoins d'energie essentiellement par la glycolyse anaerobie parce que 76% du glucose consomme sont metabolises par voie anaerobie. Le placenta produit de grandes quantites de lactate en cas d'approvisionnement süffisant en öxygene. Une diminution de la pression partielle d'oxygene dans la solution de perfusion n'entraihe pas d'accroissement de la production de lactate. La moitie environ des ions d'hydrogene sont secretes sous forme d'ammoniac. Bien que les taux de production soient faibles par comparaison aux taux connus de transfert, les metabolites doivent etre prises en consideration lorsqu' on etudie le transfert diaplacental de ces substances.
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